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1. Implementation 
1 \ProvidesFile{klu9.clo}[\f iledate ] 
1.1. Section size commands 

added command: \little. This is identical to \tiny here. Allowed type provided values: 5/6, 
6/7, 7/8, 8/9.5, 9/11, 10/12, 11/13, 12/14, 14/18, 17/22, 20/25. 



2 \renewcoimnand\normalslze{'/, 

3 \@setf ontsize\normalsize\@ixpt{ll}'/, 

4 \abovedisplayskip 8.5\p(S \aplus3\pS \Sminus4\pS 

5 \abovedisplayshortskip \za \aplus2\p(3 

6 \belowdisplayshortskip 4\p(S \aplus2\p® \@minus2\pS 

7 \belowdisplayskip \abovedisplayskip 

8 \let\listi\QlistI} 

9 Xnormalsize 

10 \newconmiand\small{'/, 

11 \asetf ontsize\small\(avliipt{9 . 5}'/, 

12 \abovedisplayskip 6\p(S \(Splus2\p@ \aininus4\pQ 

13 \abovedisplaysliortskip \z® \®plus\pa 

14 \belowdisplayshortskip 3\p8 \Splus\pa \Sminus2\p@ 
16 \def \Slisti{\leftmargin\leftmargini 

16 \topsep 3\pa \Qplus\pa \aminus\pa 

17 \parsep 2\pa \Splus\pa \aminus\pa 

18 \itemsep Xparsep}"/. 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newconmiand\f ootnotesize{'/, 

22 \@setf ontsize\f ootnotesize\aviipt{8}7, 

23 \abovedisplayskip 4\p@ \@plus2\p@ \aininus2\pa 

24 \abovedisplayshortsklp \za \aplus\pa 

25 \belowdisplayshortskip 2\pa \aplus\pa \aminusl\p® 

26 \def \aiisti{\lef tmargin\lef tmargini 

27 \topsep 2\pS \aplus\pS \Sminus\pS 

28 \parsep INpS \aplus\pS \aminus\pS 

29 \itemsep \parsep}'/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcoimiiaiid\scriptsize{\asetf ontsize\scriptsize\avipt\®viipt} 

33 \newcoiimaiid\little{\asetf ontsize\little\avpt\avipt} 

34 \newconmiaiid\tiny{\asetf ontsize\tiny\avpt\avipt} 

36 \newconmand\large{\Qsetf ontsize\large\axpt\8xiipt} 

36 \newcoiimaiid\Large{\Ssetf ontsize\Large\exiipt{14}} 

37 \newcoiimaiid\LARGE{\asetf ontsize\LARGE\®xivpt{18}} 

38 \newconmand\huge{\asetf ontsize\huge\axviipt{22}} 

39 \newconmand\Huge{\asetf ontsize\Huge\axxpt{25}} 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations below 
easier. 

40 \setlength\hof f set{-liii} 

41 \setlength\vof f set{-lin} 

42 \setlength\par indent {14\pa} 

43 \setlength\headlieight{12\pS} 
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44 \setlength\headsep •{12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {25\pa} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\pa} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\amaxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt]- 

53 \setlength\f boxsep{3pt} 
64 \setlength\fboxrule{.4pt} 

1.3. Textheight and TEXTWIDTH 

These axe the main reason for the existence of these files. For some stupid reason, I^TJ^X calculates 
textwidth out of \paperwidth.. We did want to support letter paper, but our \textwidth is fixed, 
with the margins being calculated. 

Presume \textwidth and \marginparwidth arc set iu the stylefile, or we're in trouble. The 2pc 
value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and later on 
in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{'/, 



57 \setlength\atempdima{\paperwidth}7, 

58 \addtolength\atempdima{-\textwidth}y, 

59 \divide\atempdlma by 2 

60 \setlength\atempdimb\marginparwidth 

61 \addtolength\atempdimb\marginparsep 

62 \addtolength\atempdimb{2pc}y, 

63 \ifdlm \atempdima <\atempdimb 

64 \esettopoint\atempdimb 

66 \GenericError{Polntsize}{Pointsize Error: Marginpars disabled]-{]-{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide. \MessageBreak 

68 The allowed value for margin space: (\the\Stempdima) . Needed value: 

69 (\the\atempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }•/. 

74 \marginparwidth \zS 

75 \marginparsep \za 
7B \fi 

77 \ifdim \atempdima <2pc 

78 \atempdimb=\paperwidth 

79 \advance\atempdimb by -4pc 

80 \asettopoint\atempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}{}{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\Stempdimb) . Please press X and try again. 
86 }•/. 

86 \f i 

87 \oddsidemargin \atempdima 

88 \evensidemargin \9tempdima 
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These calculations arc a lot easier, \textheight should have been set already. This does not 
check for the correct placcrrieut of the identification line!! 

89 \setlength\atempdima{\paperheight} 

90 \addtolength\@tenipdinia{-\f ootskip} 

91 \addtolength\atempdima{-\headheight} 

92 \addtolength\atempdima{-\headsep} 

93 \setlength\atempdimb{\3tempdima)- 

94 \addtolength\atempdima{-\textheight}- 

95 \dlvlde\@tempdlma by 2 

96 \ifdlm \@tempdlma <2pc 

97 \advaiice\8tempdimb by -4pc 

98 \Ssettopoint\Stempdimb 

99 \GenericError{Polntslze}{Pointsize Error: Invalid sizes glven}{}{You 

100 made your \string\textheight\space (\the\texthelght) 

101 more than the available total . \MessageBreak 

102 (Which Is: \the\Stempdlmb) . Please press X and try again. 

103 }"/. 

104 \fi 

105 \setlength\topmargin{\Stempdima} 

106 \setlength\ldSboxhelght{\Stempdlma} 

107 \advance\ldSboxhelght by -2pc 

108 } 

109 \setlength\footnotesep{6\pS} 

110 \setlength{\skip\footlns}{9\pS \®plus 4\pa XSmlnus 2\pa} 



1.4. Lists 

List default values 

111 \setlength\partopsep{2\pQ \9plus l\pQ \9mlnus l\pS} 

112 \setlength{\lef tmargini}{l . 9em} 

113 \setlength{\leftmarginil}{2em} 

114 \setlength{\lef tmargini 1 1}{ 1 . 7em} 

115 \setlength{\lef tmarginiv}-[l .4em} 

116 \setlength{\lef tmarginv}{lem} 

117 \setlength{\lef tmarginvi}{lem} 
lis \setlength{\labelsep}{.4eiii} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwldth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This results in 
very small labels for the inner lists. 

121 \def \aiistl{7. 

122 \leftmargin \lef tmargini 

123 \topsep 8\pS \Splus2\pa \Sminus2\pa 

124 \partopsep 2\pS XSplus l\pa \aminus l\pa 

125 \itemsep 4\pa \aplus 2\pS \aminus l\pa 

126 \parsep 4\p@ \Splus 2\pe \Sminus l\pa } 

127 \def \aiistii{*/. 

128 \leftmargin \lef tmargini! 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \aplus 2\pa XSmlnus l\p9 

132 \parsep 2\pa \@plus INpS \@minus l\p9 

133 \ltemsep \parsep} 
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134 Ndef \Slistiii-['/. 

136 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \aplus l\p9 \9minus INpS 

139 \parsep XzO 

140 Npartopsep l\pS XOplus 0\pS \Sminus l\p@ 

141 \itemsep \topsep} 

142 \def \@listiv{*/. 

143 \setlength{\lef tmargin}{\lef tmarginiv}'/, 

144 \setlength{\labelwidth}{\lef tmarginiv}'/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \Slistv{'/. 

147 \setlength{\leftmargin}{\leftmarginv}°/, 

148 \setlength{\labelwidth}{\leftmarginv}°/, 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \Slistvi{% 

151 \setlength{\leftmargin}{\leftmarginvi}'/. 

152 \setlength{\labelwidth}{\lef tmarginvi}'/, 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\@listl 

155 \Slisti 



1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{10\pa \(Splus 2\pa XOminus 2\pa} 

157 \setlength\textf loatsep{18\pa \aplus 2\pa \aminus 4\pa} 

158 \setlength\intextsep{10\pa \aplus 2\pa \aminus 2\pa} 

159 \setlength\dblf loatsep{10\pa \aplus 2\pa Xaminus 2\pa} 

160 \setlength\dbltextf loatsep{18\pa \®plus 2\pa \®minus 4\pe} 

Separation on float pages 

161 \setlength\afptop{0\pa \aplus if il} 

162 \setlength\afpsep{8\pa \aplus 2f il} 

163 \setlength\afpbot{0\pa \aplus If il} 

164 \setlength\adblfptop{0\pa \aplus If il} 

165 \setlength\adblfpsep{8\pa \@plus 2f il} 

166 \setlength\adblfpbot{0\p8 \8plus If il} 
167 

168 \endinput 
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1. Implementation 
1 \ProvidesFile{klut9.clo}[\f iledate ] 
1.1. Section size commands 

added command: \little. This is identical to \tiny here. Allowed type provided values: 5/6, 
6/7, 7/8, 8/9, 9/10.5, 10/11.5, 11/13, 12/14, 14/18, 17/22, 20/25. 



2 \renewcoimnand\normalslze{'/, 

3 \@setf ontsize\normalsize\@ixpt{10 . 5}'/. 

4 \abovedisplayskip 8.5\p(S \aplus3\pS \Sminus4\pS 

5 \abovedisplayshortskip \za \aplus2\p(3 

6 \belowdisplayshortskip 4\p(S \aplus2\p® \Sminus2\pS 

7 \belowdisplayskip \abovedisplayskip 

8 \let\listi\QlistI} 

9 Xnormalsize 

10 \newconmiand\small{'/, 

11 \asetf ontsize\small\(avliipt{9}'/, 

12 \abovedisplayskip 6\p(S \(Splus2\p@ \aininus4\pQ 

13 \abovedisplaysliortskip \z® \®plus\pa 

14 \belowdisplayshortskip 3\p8 \Splus\pa \Sminus2\p@ 
16 \def \Slisti{\leftmargin\leftmargini 

16 \topsep 3\pa \Qplus\pa \aminus\pa 

17 \parsep 2\pa \Splus\pa \aminus\pa 

18 \itemsep Xparsep}"/. 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newconmiand\f ootnotesize{'/, 

22 \@setf ontsize\f ootnotesize\aviipt{8}7, 

23 \abovedisplayskip 4\p@ \@plus2\p@ \aininus2\pa 

24 \abovedisplayshortsklp \za \aplus\pa 

25 \belowdisplayshortskip 2\pa \aplus\pa \aminusl\p® 

26 \def \aiisti{\lef tmargin\lef tmargini 

27 \topsep 2\pS \aplus\pS \Sminus\pS 

28 \parsep INpS \aplus\pS \aminus\pS 

29 \itemsep \parsep}'/, 

30 \belowdisplayskip \abovedisplayskip 



31 } 

32 \newcoimiiaiid\scriptsize{\asetf ontsize\scriptsize\avipt\®viipt} 

33 \newcoiimaiid\little{\asetf ontsize\little\avpt\avipt} 

34 \newconmiaiid\tiny{\asetf ontsize\tiny\avpt\avipt} 
36 \newconmand\large{\Qsetf ontsize\large\8xpt{ll .5}} 

36 \newcoiimaiid\Large{\Ssetf ontsize\Large\exiipt{14}} 

37 \newcoiimaiid\LARGE{\asetf ontsize\LARGE\®xivpt{18}} 

38 \newconmand\huge{\asetf ontsize\huge\axviipt{22}} 

39 \newconmand\Huge{\asetf ontsize\Huge\axxpt{25}} 

1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations below 
easier. 

40 \setlength\hof f set{-liii} 

41 \setlength\vof f set{-lin} 

42 \setlength\par indent {14\pa} 

43 \setlength\headlieight{12\pS} 
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44 \setlength\headsep •{12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {25\pa} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\pa} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\amaxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\columnseprule{Opt]- 

53 \setlength\f boxsep{3pt} 
64 \setlength\fboxrule{.4pt} 

1.3. Textheight and TEXTWIDTH 

These axe the main reason for the existence of these files. For some stupid reason, I^TJ^X calculates 
textwidth out of \paperwidth.. We did want to support letter paper, but our \textwidth is fixed, 
with the margins being calculated. 

Presume \textwidth and \marginparwidth arc set iu the stylefile, or we're in trouble. The 2pc 
value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and later on 
in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDocument{'/, 



57 \setlength\atempdima{\paperwidth}7, 

58 \addtolength\atempdima{-\textwidth}y, 

59 \divide\atempdlma by 2 

60 \setlength\atempdimb\marginparwidth 

61 \addtolength\atempdimb\marginparsep 

62 \addtolength\atempdimb{2pc}y, 

63 \ifdlm \atempdima <\atempdimb 

64 \esettopoint\atempdimb 

66 \GenericError{Polntsize}{Pointsize Error: Marginpars disabled]-{]-{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide. \MessageBreak 

68 The allowed value for margin space: (\the\Stempdima) . Needed value: 

69 (\the\atempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }•/. 

74 \marginparwidth \zS 

75 \marginparsep \za 
7B \fi 

77 \ifdim \atempdima <2pc 

78 \atempdimb=\paperwidth 

79 \advance\atempdimb by -4pc 

80 \asettopoint\atempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}{}{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\Stempdimb) . Please press X and try again. 
86 }•/. 

86 \f i 

87 \oddsidemargin \atempdima 

88 \evensidemargin \9tempdima 
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These calculations arc a lot easier, \textheight should have been set already. This does not 
check for the correct placcrrieut of the identification line!! 

89 \setlength\atempdima{\paperheight} 

90 \addtolength\@tenipdinia{-\f ootskip} 

91 \addtolength\atempdima{-\headheight} 

92 \addtolength\atempdima{-\headsep} 

93 \setlength\atempdimb{\3tempdima)- 

94 \addtolength\atempdima{-\textheight}- 

95 \dlvlde\@tempdlma by 2 

96 \ifdlm \@tempdlma <2pc 

97 \advaiice\8tempdimb by -4pc 

98 \Ssettopoint\Stempdimb 

99 \GenericError{Polntslze}{Pointsize Error: Invalid sizes glven}{}{You 

100 made your \string\textheight\space (\the\texthelght) 

101 more than the available total . \MessageBreak 

102 (Which Is: \the\Stempdlmb) . Please press X and try again. 

103 }"/. 

104 \fi 

105 \setlength\topmargin{\Stempdima} 

106 \setlength\ldSboxhelght{\Stempdlma} 

107 \advance\ldSboxhelght by -2pc 

108 } 

109 \setlength\footnotesep{6\pS} 

110 \setlength{\skip\footlns}{9\pS \®plus 4\pa XSmlnus 2\pa} 



1.4. Lists 

List default values 

111 \setlength\partopsep{2\pQ \9plus l\pQ \9mlnus l\pS} 

112 \setlength{\lef tmargini}{l . 9em} 

113 \setlength{\leftmarginil}{2em} 

114 \setlength{\lef tmargini 1 1}{ 1 . 7em} 

115 \setlength{\lef tmarginiv}-[l .4em} 

116 \setlength{\lef tmarginv}{lem} 

117 \setlength{\lef tmarginvi}{lem} 
lis \setlength{\labelsep}{.4eiii} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwldth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This results in 
very small labels for the inner lists. 

121 \def \aiistl{7. 

122 \leftmargin \lef tmargini 

123 \topsep 8\pS \Splus2\pa \Sminus2\pa 

124 \partopsep 2\pS XSplus l\pa \aminus l\pa 

125 \itemsep 4\pa \aplus 2\pS \aminus l\pa 

126 \parsep 4\p@ \Splus 2\pe \Sminus l\pa } 

127 \def \aiistii{*/. 

128 \leftmargin \lef tmargini! 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \aplus 2\pa XSmlnus l\p9 

132 \parsep 2\pa \@plus INpS \@minus l\p9 

133 \ltemsep \parsep} 
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134 Ndef \Slistiii-['/. 

136 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \aplus l\p9 \9minus INpS 

139 \parsep XzO 

140 Npartopsep l\pS XOplus 0\pS \Sminus l\p@ 

141 \itemsep \topsep} 

142 \def \@listiv{*/. 

143 \setlength{\lef tmargin}{\lef tmarginiv}'/, 

144 \setlength{\labelwidth}{\lef tmarginiv}'/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \Slistv{'/. 

147 \setlength{\leftmargin}{\leftmarginv}°/, 

148 \setlength{\labelwidth}{\leftmarginv}°/, 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \Slistvi{% 

151 \setlength{\leftmargin}{\leftmarginvi}'/. 

152 \setlength{\labelwidth}{\lef tmarginvi}'/, 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\@listl 

155 \Slisti 



1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{10\pa \(Splus 2\pa XOminus 2\pa} 

157 \setlength\textf loatsep{18\pa \aplus 2\pa \aminus 4\pa} 

158 \setlength\intextsep{10\pa \aplus 2\pa \aminus 2\pa} 

159 \setlength\dblf loatsep{10\pa \aplus 2\pa Xaminus 2\pa} 

160 \setlength\dbltextf loatsep{18\pa \®plus 2\pa \®minus 4\pe} 

Separation on float pages 

161 \setlength\afptop{0\pa \aplus if il} 

162 \setlength\afpsep{8\pa \aplus 2f il} 

163 \setlength\afpbot{0\pa \aplus If il} 

164 \setlength\adblfptop{0\pa \aplus If il} 

165 \setlength\adblfpsep{8\pa \@plus 2f il} 

166 \setlength\adblfpbot{0\p8 \8plus If il} 
167 

168 \endinput 



klulO.clo 
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1 . Implementation 

1 \ProvidesFile{klul0.clo>[\filedate ] 
1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type provided 
values: 5/6, 6/7, 7/8, 8/9.5, 9/11, 10/12, 12/14, 14/18, 17/22, 20/25, 25/30. 

2 \renewcoimnand\normalsize{/C 



3 \@setf ontsize\normalsize\@xpt\@xiipt 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@minus5\p® 

5 \abovedisplayshortskip \z(2 \(2plus 3\p@ 

6 \belowdisplayshortskip 6\p<a XOplus 3\p<a XOminusSXpO 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \iiewcommaiid\small{'/. 

11 \@setfontsize\small\@ixpt{ll}7. 

12 \abovedisplayskip 8.5\p(3 \@plus3\p@ \@ininus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p(§ 

14 Xbelowdisplayshortskip 4\p@ \@plus2\p@ \@minus2\p@ 

15 \def \@listi{\lef tmairginMef tmargini 

16 \topsep 4\p@ \@plus2\p@ \@minus2\p@ 

17 \parsep 2\p@ \@plus\p@ \(Sminus\p@ 

18 \itemsep Vpaxsep]-"/, 

19 \belowdi splay skip \abovedi splay skip 

20 } 

21 \newcommand\f ootnotesize{% 

22 \@setf ontsizeXf ootnotesize\(§viiipt{9 . 5}-°/, 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \za \®plus\p@ 

25 Xbelowdisplayshortskip 3\p@ \@plus\p@ \®minus2\p@ 

26 \def\(21isti{\leftmargin\lef tmargini 

27 \topsep 3\p(S \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p(§ \@minus\p@ 

29 \itemsep Xparsep}'/. 

30 \belowdi splay skip \abovedisplayskip 

31 } 



32 \newcoiimiand\scriptsize{\(§setf ontsize\scriptsize\(3viipt\@viiipt} 

33 \rLewcommaiid\little{\@setf ontsize\little\@vipt\@viipt} 

34 \newcommaiid\tiny{\@setf ontsize\tiny\@vpt\@vipt} 

35 \newconffliaiid\large-[\(§setf oiitsize\large\(§xiipt-[14]-} 

36 \newcomnicmd\Large{\@setf ontsize\Large\(§xivpt-[18}-} 

37 \iiewcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22>} 

38 \rLewcominaiid\huge{\@setf ontsize\huge\@xxpt{25}} 

39 \newcoimnaiLd\Huge{\®setf ontsize\Huge\®xxvpt{30>} 
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1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations 
below easier. 

40 \setlength\hof f set{-lin> 

41 \setlength\vof f set{-lin}- 

42 \setlength\parindent {14\p@} 

43 \setlength\heacllieight{12\p@} 

44 \setlength\headsep {12\p@}- 

45 \setlength\topskip {10\p(§> 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \ s e 1 1 engthXinar ginparpush{ 5 \p(§ > 

49 \setlength\maxdepth {.5\topskip> 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\coliiinnseprule{Opt} 

53 \setlength\f boxsep{3pt> 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
calculates textwidth out of \paperwidth. We did want to support letter paper, but our 
\textwidth is fixed, with the margins being calculated. 

Presume \textwidth and Xmarginparwidth are set in the stylefile, or we're in trouble. 
The 2pc value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and 
later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDociiment{y. 

57 \setlength\@tempdima{\paperwidth}7o 

58 XaddtolengthXOtempdimai-XtextwidtW/, 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\(§tempdimb{2pc]-y, 

63 Xifdim XOtempdima <\@teinpdiinb 

64 \@settopoint\@tempdimb 

65 \GenericError-[Poiiitsize}{Pointsize Error: Marginpars disabled}{}-[You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\Otempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreai 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 
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73 >•/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \(9tempdimb=\paperwidth 

79 \advaiice\(§tempdimb by -4pc 

80 \@settopoint\(§tempdimb 

81 \GerLericError{Poiiitsize}-{Pointsize Error: Invalid sizes given}-{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\(§tempdimb) . Please press X and try again. 

85 }"/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 Xevensidemeirgin XOtempdima 

These calculations are a lot easier, \textheight should have been set already. This does 
not check for the correct placement of the identification line!! 

89 \setlength\@tempdima-[\paperheight} 

90 \addtolength\(atempdima{-\f ootskip> 

91 \addtolength\(Stempdima{-\headheight> 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\(§tempdimb-[\@tempdima} 

94 \addtolength\@tempdima-[-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\(§tempdimb by -4pc 

98 \@settopoint\@tempdimb 

99 \GenericError-[Pointsize}{Pointsize Error: Invalid sizes given}"[}-{You 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }% 

104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id(§boxheight-[\(§tempdima} 

107 \advaiice\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@> 

110 \setlength{\skip\f ootins}-[9\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep-[2\p@ \@plus IXpQ \(Sminus IXpO} 

112 \setlength{\lef tmairgini}-[2em} 

113 \setlength{\lef tmarginii}-[2 . 2em} 
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114 \setlength{\lef tmarginiii}{l .87em} 

115 \setlength-[\lef tmarginiv]-{l . 7em]- 

116 \setlength-[\lef tmarginv}-[lem}- 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep}-[.4em} 

119 \setlength-[\labelwidth}-{\lef tmargini}- 

120 \addtolength-[\labelwidth}-{-\labelsep}- 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def\®listl{y. 

122 \lef tmargin \leftmargini 

123 \topsep 9\p@ \@plus 3\p@ XQminus 5\p<S 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p(§ \@plus 2\p@ \@minus l\p® } 

127 \def \(Slistii{"/. 

128 Meftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p(§ \@plus 2\p(3 \(§minus l\p® 

132 \pcirsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \@listiii{'/. 

135 Meftmargin \lef tmarginiii 

136 Mabelwidth \leftmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \(§plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \(§plus 0\p<§ \<§minus l\p@ 

141 \itemsep \topsep} 

142 \def\01istivn 

143 \setlength-[\lef tmargin}-{\lef tmarginiv}-°/, 

144 \setlength-[\labelwidth}-{\lef tmarginiv]-y, 

145 \addtolength-[\labelwidth}{-\labelsep}} 

146 \def \@listv[y. 

147 \setlength-[\lef tmargin}-{\lef tmarginvjy. 

148 \setlength-[\labelwidth}{\lef tmarginvjy, 

149 \addtolength-[\labelwidth}-[-\labelsep}} 

150 \def \(Slistvi{y. 

151 \setlength{\lef tmargin}-[\lef tmarginvi}% 

152 \setlength-[\labelwidth}-{\lef tmarginvijy. 

153 \addtolength-[\labelwidth}{-\labelsep}} 

154 \let\(Slisti\@listI 

155 \@listi 

1.5. Float separation parameters 
Separation on text pages. 
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156 \setlength\f loatsep{12\p(§ \(§plus 2\p(§ \(§minus 2\p(§} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p(5> 

158 \setlength\intextsep{12\p@ \@plus 2\p@ \@minus 2\p@} 

159 \setlength\dblfloatsep{12\p@ \@plus 2\p(S \(Sminus 2\p(S} 

160 \setlength\dbltextf loatsep-[20\pa XOplus 2\p® XOminus 4\p@} 

Separation on float pages 

161 \setlength\9fptop{0\p(a \@plus If il> 

162 \setlength\(§fpsep{8\p(§ \(§plus 2f il> 

163 \setlength\@fpbot-[0\p(§ \(§plus If il} 

164 \setlength\@dblfptop{0\p(§ \@plus If il> 

165 \setlength\@dblfpsep{8\p@ \<Splus 2f il> 

166 \setlengtli\<adblfpbot{0\p® \@plus If il} 

167 

168 \endinput 
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1 . Implementation 

1 \ProvidesFile{klutl0.clo}[\filedate ] 
1.1. Section size commands 

added command: \little. This between \scriptsize and \tiiiy. Allowed type provided 
values: 5/6, 6/7, 7/8, 8/9, 9/10.5, 10/11.5, 12/14, 14/18, 17/22, 20/25, 25/30. 

2 \renewcoimnand\normalsize{/C 



3 \@setf ontsize\normalsize\@xpt{ll . 5]-7. 

4 \abovedisplayskip 10\p@ \@plus 2\p@ \@minus5\p® 

5 \abovedisplayshortskip \z(2 \(2plus 3\p@ 

6 \belowdisplayshortskip 6\p<a XOplus 3\p<a XOminusSXpO 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \iiewcommaiid\small{'/. 

11 \@setf ontsize\small\@ixpt-[10 . 5}'/. 

12 \abovedisplayskip 8.5\p(3 \@plus3\p@ \@ininus4\p@ 

13 \abovedisplayshortskip \z@ \@plus2\p(§ 

14 Xbelowdisplayshortskip 4\p@ \@plus2\p@ \@minus2\p@ 

15 \def \@listi{\lef tmairginMef tmargini 

16 \topsep 4\p(S \@plus2\p@ \@minus2\p@ 

17 \parsep 2\p(§ \@plus\p@ \(Sminus\p@ 

18 \itemsep Xpaxsep]-"/, 

19 \belowdi splay skip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{% 

22 \@setf ontsizeXf ootnotesize\(§viiipt{9}-°/, 

23 \abovedisplayskip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \za \®plus\p@ 

25 Xbelowdisplayshortskip 3\p@ \@plus\p@ \®minus2\p@ 

26 \def\(21isti{\leftmargin\lef tmargini 

27 \topsep 3\p@ \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p(§ \@minus\p@ 

29 \itemsep Xparsep}'/. 

30 \belowdi splay skip \abovedisplayskip 

31 } 



32 \newcoiimiand\scriptsize{\(§setf ontsize\scriptsize\(3viipt\@viiipt} 

33 \rLewcommaiid\little{\@setf ontsize\little\<§vipt\@viipt} 

34 \newcommaiid\tiny{\@setf ontsize\tiny\@vpt\@vipt} 

35 \newconffliaiid\large-[\(§setf oiitsize\large\(§xiipt-[14]-} 

36 \newcomnicmd\Large{\@setf ontsize\Large\(§xivpt-[18}-} 

37 \iiewcommand\LARGE{\@setf ontsize\LARGE\@xviipt{22>} 

38 \rLewcominaiid\huge{\@setf ontsize\huge\@xxpt{25}} 

39 \newcoimnaiLd\Huge{\®setf ontsize\Huge\®xxvpt{30>} 



klutlO.clo - 1998/02/11 
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1.2. Various values 

Note that \hoff set and \voff set are both compensated. This makes the calculations 
below easier. 

40 \setlength\hof f set{-lin> 

41 \setlength\vof f set{-lin}- 

42 \setlength\parindent {14\p@} 

43 \setlength\heacllieight{12\p@} 

44 \setlength\headsep {12\p@}- 

45 \setlength\topskip {10\p(§> 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep{10pt} 

48 \ s e 1 1 engthXinar ginparpush{ 5 \p(§ > 

49 \setlength\maxdepth {.5\topskip> 

50 \setlength\@maxdepth\maxdepth 

51 \setlength\columnsep{10pt} 

52 \setlength\coliiinnseprule{Opt} 

53 \setlength\f boxsep{3pt> 

54 \setlength\f boxrule{ . 4pt} 

1.3. Textheight and textwidth 

These are the main reason for the existence of these files. For some stupid reason, 
calculates textwidth out of \paperwidth. We did want to support letter paper, but our 
\textwidth is fixed, with the margins being calculated. 

Presume \textwidth and Xmarginparwidth are set in the stylefile, or we're in trouble. 
The 2pc value is used to compensate for the 'dead' corners in most laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble and 
later on in the stylefile. 

55 \newdimen\id@boxheight 

56 \AtBeginDociiment{y. 

57 \setlength\@tempdima{\paperwidth}7o 

58 XaddtolengthXOtempdimai-XtextwidtW/, 

59 \divide\@tempdima by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\@tempdimb\marginparsep 

62 \addtolength\(§tempdimb{2pc]-y, 

63 Xifdim XOtempdima <\@teinpdiinb 

64 \@settopoint\@tempdimb 

65 \GenericError-[Poiiitsize}{Pointsize Error: Marginpars disabled}{}-[You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \string\marginparwidth (\the\marginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\Otempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreai 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 
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73 >•/. 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \(9tempdimb=\paperwidth 

79 \advaiice\(§tempdimb by -4pc 

80 \@settopoint\(§tempdimb 

81 \GerLericError{Poiiitsize}-{Pointsize Error: Invalid sizes given}-{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total \MessageBreak 

84 (Which is: \the\(§tempdimb) . Please press X and try again. 

85 }"/. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 Xevensidemeirgin XOtempdima 

These calculations are a lot easier, \textheight should have been set already. This does 
not check for the correct placement of the identification line!! 

89 \setlength\@tempdima-[\paperheight} 

90 \addtolength\(atempdima{-\f ootskip> 

91 \addtolength\(Stempdima{-\headheight> 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\(§tempdimb-[\@tempdima} 

94 \addtolength\@tempdima-[-\textheight} 

95 \divide\@tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\(§tempdimb by -4pc 

98 \@settopoint\@tempdimb 

99 \GenericError-[Pointsize}{Pointsize Error: Invalid sizes given}"[}-{You 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }% 

104 \fi 

105 \setlength\topmargin{\@tempdima} 

106 \setlength\id(§boxheight-[\(§tempdima} 

107 \advaiice\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@> 

110 \setlength{\skip\f ootins}-[9\p@ \@plus 4\p@ \@minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep-[2\p@ \@plus IXpQ \(Sminus IXpO} 

112 \setlength{\lef tmairgini}-[2em} 

113 \setlength{\lef tmarginii}-[2 . 2em} 



klutlO.clo - 1998/02/11 5 

114 \setlength{\lef tmarginiii}{l .87em} 

115 \setlength-[\lef tmarginiv]-{l . 7em]- 

116 \setlength-[\lef tmarginv}-[lem}- 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep}-[.4em} 

119 \setlength-[\labelwidth}-{\lef tmargini}- 

120 \addtolength-[\labelwidth}-{-\labelsep}- 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def\®listl{y. 

122 \lef tmargin \leftmargini 

123 \topsep 9\p@ \@plus 3\p@ XQminus 5\p<S 

124 \partopsep 3\p@ \@plus l\p@ \@minus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p@ \@minus l\p@ 

126 \parsep 4.5\p(§ \@plus 2\p@ \@minus l\p® } 

127 \def \(Slistii{"/. 

128 Meftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 4.5\p(§ \@plus 2\p(3 \(§minus l\p® 

132 \pcirsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \@listiii{'/. 

135 Meftmargin \lef tmarginiii 

136 Mabelwidth \leftmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p@ \(§plus l\p@ \@minus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \(§plus 0\p<§ \<§minus l\p@ 

141 \itemsep \topsep} 

142 \def\01istivn 

143 \setlength-[\lef tmargin}-{\lef tmarginiv}-°/, 

144 \setlength-[\labelwidth}-{\lef tmarginiv]-y, 

145 \addtolength-[\labelwidth}{-\labelsep}} 

146 \def \@listv[y. 

147 \setlength-[\lef tmargin}-{\lef tmarginvjy. 

148 \setlength-[\labelwidth}{\lef tmarginvjy, 

149 \addtolength-[\labelwidth}-[-\labelsep}} 

150 \def \(Slistvi{y. 

151 \setlength{\lef tmargin}-[\lef tmarginvi}% 

152 \setlength-[\labelwidth}-{\lef tmarginvijy. 

153 \addtolength-[\labelwidth}{-\labelsep}} 

154 \let\(Slisti\@listI 

155 \@listi 



1.5. Float separation parameters 
Separation on text pages. 
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156 \setlength\f loatsep^l2\p@ \Oplus 2\p(9 \(9minus 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\p@} 

158 \setlength\intextsep-[12\p@ \@plus 2\p(§ XOminus 2\p(§}- 

159 \setlength\dblf loatsep{12\p(S \@plus 2\p(S \(Sminus 2\p(S} 

160 \setlength\dbltextf loatsep{20\pa XOplus 2\p@ \iSminus 4\p@> 

Separation on float pages 

161 \setlength\@fptop-[0\p@ \@plus If il> 

162 \setlength\@fpsep{8\p@ \(§plus 2f il> 

163 \setlength\@fpbot{0\p(§ \(§plus If il} 

164 \setlength\@dblfptop-[0\p@ \®plus If il}- 

165 \setlength\(Sdblfpsep{8\p<§ \(Splus 2f il} 

166 \setlength\@dblfpbot{0\p@ \@plus If il} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutll.clo}[\filedate ] 
1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 
provided values: 6/7, 7/8, 8/9, 9/10.5, 10/11.5, 11/12.5, 12/14, 14/18, 17/22, 
20/25, 25/30. 

2 \renewcoinmcind\normalsize-[°/o 



3 \(3setf ontsize\normalsize\(3xipt{12 . S}"/, 

4 \abovedisplayskip 10\pQ XOplus 2\pQ \Qininus5\pQ 

5 \abovedisplayshortskip \z@ \@plus 3\p@ 

6 \belowdisplaysh.ortskip 6\p@ \@plus 3\p@ \@ininus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\@listi\@listl} 
9 \normalsize 

10 \newcommeiiid\small-C7o 

11 \@setf ontsize\small\@xpt{ll . 5}% 

12 \abovedisplayskip 9\p@ \@plus3\p@ \(§minus4\p@ 

13 \abovedisplayshortskip \zQ \Qplus2\pQ 

14 \belowdisplayshortskip 5\p@ \(§plus2\p@ \@ininus2\p@ 

15 \def \@listi{\lef tmargin\lef tmargini 

16 \topsep 4\p(S \@plus2\p(S \(Sminus2\p(a 

17 \parsep 2\p@ \@plus\p@ \@minus\p(§ 

18 \itemsep Xparsep}"/ 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newcommand\f ootnotesize{°/o 

22 \(Ssetf ontsizeXf ootnotesize\Qixpt{10 . 5}°/, 

23 \abovedi splay skip 6\p@ \@plus2\p@ \@minus4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\pQ \Qplus\pQ \(SinirLus2\p(a 

26 \def \@listi{\leftinargin\leftmargini 

27 \topsep 3\p(§ \@plus\p@ \@minus\p@ 

28 \parsep 2\pQ \(3plus\pS \(3minus\p@ 

29 \itemsep \parsep}7. 

30 \belowdi splay skip \abovedisplayskip 

31 } 



32 \newcommand\scriptsize{\@setf ontsize\scriptsize\@viiipt{9 . 5}} 

33 \newcommand\little{\@setf ontsize\little\@viipt\(§viiipt3■ 
34 \newcommELnd\tiny{\@setf ontsize\tiiiy\(Svipt\(Sviipt}- 

35 \newcoinmaiid\large-[\@setf ontsize\large\@xiipt{14}} 

36 \newcommand\Large{\@setf ontsize\Large\(§xivpt{18}]■ 
37 \newcommand\LARGE{\asetf ontsize\LARGE\(axviipt{22}} 
38 \iiewcoinmaiid\huge{\@setf ontsize\huge\@xxpt{25» 
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39 \newcoinmaiid\Huge{\@setf ontsize\Huge\@xxvpt{30}} 

1.2. Various values 

Note that \hoffset and \voffset are both compensated. This makes the 
calculations below easier. 

40 \setleiigth\hof f set{-liii> 

41 \setlength\vof f set{-lin]- 

42 \setlength\parindent {14\p(a} 

43 \setleiigth\headheight{12\pQ} 

44 \setlength\headsep {12\p(a} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p(a} 

47 \setlength\marginparsep{10pt} 

48 \setlength\marginparpush{5\p(§} 

49 \setlength\maxdepth { . 5\topskip} 

50 \setlength\Qiiiaxdepth\maxdepth 

51 \setlength\coluinnsep{10pt} 

52 \setleiigth\columnseprule{Opt} 

53 \setleiigth\f boxsep{3pt} 

54 \setlength\fboxrule-C.4pt} 

1.3. Textheight and TEXTWIDTH 

These are the main reason for the existence of these files. For some stupid reason, 
I^T[^ calculates textwidth out of \paperwidth. We did want to support letter 
paper, but our \textwidth is fixed, with the margins being calculated. 

Presume \textwidth and Xmarginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserpr inters. 

Calculations arc done 'AtBeginDocument' to allow changes made in the preamble 

and later on in the stylefile. 

55 \newdimen\idQboxheight 

56 \AtBeginDocument{% 

57 \setlength\@tempdima{\paperwidth}7o 

58 \ addt o 1 ength\(3t empdima{ - \t extwi dth)-"/, 

59 \divide\@teinpdiina by 2 

60 \setlength\@tempdimb\marginparwidth 

61 \addtolength\Qtempdimb\marginparsep 

62 \addtolength\@teinpdiinb{2pc}°/. 

63 Xifdim \(§tempdima <\@tempdimb 

64 XOsettopointXQtempdimb 

65 \GenericError-[Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 
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66 your \string\textwidth\space (\the\textwidth) and 

67 \string\inarginparwidth (\the\inarginparwidth) too wide . \MessageBreak 

68 The allowed value for margin space: (\the\@tempdima) . Needed value: 

69 (\the\Otempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 YL 

74 \marginparwidth \z@ 

75 \marginparsep \z(§ 

76 \fi 

77 \ifdiin \@tempdima <2pc 

78 \®tempdimb=\paperwidth 

79 \adveince\Qtempdimb by -4pc 

80 \®settopoint\®tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}-{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total NMessageBreeik 

84 (Which is: \the\®tempdimb) . Please press X and try again. 

85 }7. 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. 
This does not check for the correct placement of the identification line!! 

89 \ s et length\@t empdima{ \paperhe ight } 

90 \addtolength\@tempdima{-\f ootskip} 

91 \addtolength\(atempdima{-\headheight)- 

92 \addtolength\<§tempdima{-\headsep} 

93 \setlength\@tempdimb{\@tempdima]- 

94 \ addt o 1 ength\ Ot empdima{ - \t ext he ight )■ 

95 \divide\®tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\Qtempdimb by -4pc 

98 \@settopoint\Otempdimb 



99 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}-[}-{You 

100 made your \string\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }•/. 



104 \fi 

105 \setlength\topmargin{\9tempdima}- 

106 \setlength\id(aboxheight{\(Stempdima}- 

107 \advance\id@boxheight by -2pc 

108 } 
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109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength-C\skip\f ootins}{9\p9 \Qplus 4\p(a XOminus 2\p(a} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ NQminus l\p@} 

112 \setlength-[\lef tniargini}-{2em3- 

113 \setlength{\lef tmarginii}-[2 . 2em} 

114 \setlength{\lef tmarginiii}{l . 87em} 

115 \setlength-[\lef tinarginiv}{l . 7ein} 

116 \setlength{\lef tmarginv}{lein} 
117 \setlength{\lef tmarginvi}{lem} 

118 \setlength-[\labelsep>{.4ein} 

119 \setlength{\labelwidth>{\leftmargini} 

120 \addtoleiigth{\labelwidth}{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. 
This results in very small labels for the inner lists. 

121 \def \(aiistl{% 

122 Xleftmargin \lef tmargini 

123 \topsep 9\p@ \@plus 3\p@ \@minus 5\p@ 

124 \partopsep 3\p(S \@plus iXpQ XQminus 2\p@ 

125 \itemsep 4.5\p@ \@plus 2\p(§ XOminus l\p@ 

126 \parsep 4.5\p@ \(§plus 2\p(§ XQminus l\p(§ > 

127 \def \(aiistii{% 

128 \leftmargin \lef tmarginii 

129 \labelwidth \lef tmarginii 

130 \adveince\labelwidth by -\labelsep 

131 \topsep 4.5\p@ \(Splus 2\p@ \@minus l\p(§ 

132 \parsep 2\p@ \@plus l\p@ \@minus l\p@ 

133 \itemsep \parsep} 

134 \def \(§listiii{% 

135 Meftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p(a \@plus l\p@ \(§minus l\p@ 

139 \parsep Xz® 

140 \partopsep l\p@ \(§plus 0\p® \@minus l\p(§ 

141 \itemsep \topsep)- 

142 \def \(aiistiv-[% 

143 \setlength{\leftmargin}{\lef tmargini v>°/. 

144 \setlength{\labelwidth}{\lef tmarginiv}"/, 

145 \addtolength{\labelwidth}{-\labelsep}} 

146 \def \@listv{°/. 
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147 \setlength{\lef tmargin}{\lef tmarginv}"/ 

148 \setlength{\labelwidth}{\leftinarginv>°/. 

149 \addtolength{\labelwidth}{-\labelsep}} 

150 \def \@listvi{7. 

151 \setlength{\lef tmargiii}{\lef tinarginvi}°/o 

152 \setlength{\labelwidth}{\leftmarginvi}°/. 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\(aiisti\(aiistl 
155 \®listi 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p® \@iniiius 2\p@} 

157 \setlength\textf loatsep{20\p@ \@plus 2\p@ \@minus 4\pa} 

158 \setlength\intextsep{12\pQ \(§plus 2\p@ XOminus 2\p(§} 

159 \setlength\dblf loatsep{12\p(S \Qplus 2\p(a NQminus 2\p@} 

160 \setleiigth\dbltextf loatsep{20\p@ \@plus 2\p(§ \@minus 4\p(§} 

Separation on float pages 

161 \setlengtli\@fptop{0\p@ \(Splus If il> 

162 \setlength\@fpsep{8\p@ \(§plus 2f il} 

163 \setlength\@f pbot{0\p@ \@plus If il} 

164 \setlengtli\@dblf ptop{0\p@ \@plus Ifil} 

165 \setlengtli\@dblfpsep{8\p@ \@plus 2f il} 

166 \setlength\(adblfpbot{0\pa \@plus Ifil} 
167 

168 \endinput 
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1. Implementation 

1 \ProvidesFile{klutl2.clo>[\filedate ] 

1.1. Section size commands 

added command: \little. This between \scriptsize and \tiny. Allowed type 

provided values: 6/7, 8/9, 9/10.5, 10/11.5, 11/12.5 12/13.5, 14/18, 17/22, 20/25, 
25/30. 



2 \renewcoimnand\normalsize{°/o 

3 \@setf ontsize\normalsize\@xiipt{13 . 5}% 

4 \abovedisplayskip ll\p@ \@plus 2\p@ \@miiius5\p@ 

5 \abovedisplayshortskip l\p@ \(3plus 3\p@ 

6 \belowdisplayshortskip 7\p@ \(§plus 3\p@ \@minus3\p@ 

7 \belowdisplayskip \abovedisplayskip 

8 \let\(§listi\(§listl> 
9 \normalsize 

10 \iiewconunand\small{y„ 

11 \@setf ontsize\small\@xipt{12 . 5}% 

12 \abovedisplayskip 8.5\p@ \@plus3\p@ \@ininus4\p@ 

13 \abovedi splay short skip \z@ \@plus2\p@ 

14 \belowdisplayshortskip 4\p@ \@plus2\p@ \(§minus2\p(§ 

15 \def \@listi{\lef tmarginMef tmargini 

16 \topsep 4\p@ \@plus2\p@ \(§minus2\p(§ 

17 \parsep 2\p@ \@plus\p@ \@minus\p@ 

18 \itemsep \parsep}7o 

19 \belowdisplayskip \abovedisplayskip 

20 } 

21 \newconunand\f ootnotesize{°/o 

22 \@setf ontsizeXf ootnotesize\@xpt{ll . 5}% 

23 \abovedisplayskip 6\p@ \(§plus2\p(§ \@miiius4\p@ 

24 \abovedisplayshortskip \z@ \@plus\p@ 

25 \belowdisplayshortskip 3\p@ \@plus\p@ \(§minus2\p(§ 

26 \def \@listi{\lef tmarginXlef tmargini 

27 \topsep 3\p@ \@plus\p@ \@minus\p@ 

28 \parsep 2\p@ \@plus\p@ \@minus\p@ 

29 \itemsep Xparsep}"/, 

30 \belowdisplayskip \abovedisplayskip 
31} 

32 \newconunand\scriptsize{\@setf ontsize\scriptsize\@ixpt{10 . 5}}- 

33 \newcommand\little{\@setf oiitsize\little\@viiipt{9}} 

34 \newcominaiid\tiny{\@setf ontsize\tiny\@vipt\@viipt} 
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35 \newconimand\large{\@setf ontsize\large\@xivpt{18}} 

36 \newcommand\Large{\@setf oiitsize\Large\@xviipt{22}} 

37 \newcoimnand\LARGE{\@setfontsize\LARGE\@xxpt{25}} 

38 \newconmiaiid\huge{\@setf ontsize\huge\@xxvpt{30}} 

39 \newcominand\Huge{\@setf ontsize\Huge\(§xxvpt{30}} 

1.2. Various values 

Note that \hoffset and \voffset are both compensated. This makes the calcula- 
tions below easier. 

40 \setlength\hoff set{-lin} 

41 \setlength\vof f set-[-lin} 

42 \setlength\parindent {14\p@} 

43 \setlength\headheight-Cl2\p@> 

44 \setlength\headsep {12\p@} 

45 \setlength\topskip {10\p@} 

46 \setlength\f ootskip {27.5\p@} 

47 \setlength\marginparsep-[10pt} 

48 \setlength\marginparpush{5\p@} 

49 \setlength\maxdepth {.5\topskip} 

50 \setlength\@iiiaxdepth\maxdepth 

51 \setlength\columnsep{12pt} 

52 \setlength\coliimnseprule{Opt} 

53 \setlength\fboxsep{3pt]- 

54 \setlength\fboxrule{.4pt]- 

1.3. Textheight and TEXTWIDTH 

These are the main reason for the existence of these files. For some stupid reason, 
calculates textwidth out of \paperwidth. We did want to support letter paper, 
but our \textwidth is fixed, with the margins being calculated. 

Presume \textwidth and \marginparwidth are set in the stylefile, or we're in 
trouble. The 2pc value is used to compensate for the 'dead' corners in most 
laserprinters. 

Calculations are done 'AtBeginDocument' to allow changes made in the preamble 
and later on in the stylefile. 

55 \newdimen\idOboxheight 

56 \AtBeginDocuinent{yo 

57 \setlength\(§tempdima{\paperwidth}yo 

58 \addtolength\(§tempdima{-\textwidth}°/o 
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59 \divide\@tenipdinia by 2 

60 \setleiigth\Otempdimb\marginparwidth 

61 \addtoleiigth\@tempdimb\marginparsep 

62 \addtolength\@teiiipdimb{2pc}7o 

63 \ifdim XOtempdima <\@tempdimb 

64 \@settopoint\@tempdiinb 

65 \GenericError{Pointsize}{Pointsize Error: Marginpars disabled}{}{You made 

66 your \string\textwidth\space (\the\textwidth) and 

67 \striiig\inargiiiparwidth (\the\marginparwidth) too wide . \MessageBreaJi 

68 The allowed value for margin space: (\the\(§tempdima) . Needed value: 

69 (\the\@tempdimb) . \MessageBreak 

70 This is not enough, 

71 so I will set \string\marginparwidth\space to Opt . \MessageBreak 

72 Let's hope that fixes it. 

73 }% 

74 \marginparwidth \z@ 

75 \marginparsep \z@ 

76 \fi 

77 \ifdim \@tempdima <2pc 

78 \@tempdimb=\paperwidth 

79 \advaiice\@tempdimb by -4pc 

80 \@settopoint\@tempdimb 

81 \GenericError{Pointsize}{Pointsize Error: Invalid sizes given}{}-{You 

82 made your \string\textwidth\space (\the\textwidth) 

83 wider than the available total\MessageBreak 

84 (Which is: \the\@tempdimb) . Please press X and try again. 

85 }% 

86 \f i 

87 \oddsidemargin \@tempdima 

88 \evensidemargin \@tempdima 



These calculations are a lot easier, \textheight should have been set already. This 
does not check for the correct placement of the identification line!! 

89 \setlength\(§tempdima{\paperheight3- 

90 \addtolength\Otempdima{-\f ootskip} 

91 \addtolength\@tempdima{-\headheight} 

92 \addtolength\@tempdima{-\headsep} 

93 \setlength\@tempdimb{\@tempdima]- 

94 \addtolength\(§tempdima{-\textheight} 

95 \divide\(§tempdima by 2 

96 \ifdim \@tempdima <2pc 

97 \advance\Otempdimb by -4pc 

98 \@settopoint\©tempdimb 
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99 \GenericError{Pointsize]-{Pointsize Error: Invalid sizes given}{}{You 

100 made your \striiig\textheight\space (\the\textheight) 

101 more than the available total . \MessageBreak 

102 (Which is: \the\@tempdimb) . Please press X and try again. 

103 }7o 

104 \fi 

105 \ s et length\t opmargin{ \@t empdima} 

106 \setlength\id@boxheight{\@t empdima} 

107 \advance\id@boxheight by -2pc 

108 } 

109 \setlength\f ootnotesep{6 . 65\p@} 

110 \setlength{\skip\f ootins}{12\p@ \@plus 4\p@ \(§minus 2\p@} 

1.4. Lists 

List default values 

111 \setlength\partopsep{2\p@ \@plus l\p@ \Ominus l\p@} 

112 \setlength{\lef tmargini}{2em]- 

113 \setlength{\lef tmarginii}{2 . 2em} 

114 \setlength{\lef tmarginiii}{l .87em} 

115 \setlength{\lef tmarginiv}{l . 7em} 

116 \setlength{\lef tmarginv}{lem]- 

117 \setlength{\lef tmarginvi}{lem} 

118 \setlength{\labelsep>{.4em} 

119 \setlength{\labelwidth}{\lef tmargini} 

120 \addtolength{\labelwidth>{-\labelsep} 

Note that lists below level 3 do nothing else then readjusting the \labelwidth. This 
results in very small labels for the inner lists. 

121 \def \(§listl{% 

122 Meftmargin \leftmargini 

123 \topsep ll\p@ \(§plus 3\p@ \@minus 5\p@ 

124 \partopsep 4.5\p@ \@plus l\p@ \Ominus 2\p0 

125 \itemsep 6\p@ \Oplus 2\p(§ \@minus l\p@ 

126 \parsep 6\p@ \@plus 2\p(§ \@minus l\p@ } 

127 \def \©listii{% 

128 Meftmargin \lef tmarginii 

129 Mabelwidth \lef tmarginii 

130 \advance\labelwidth by -\labelsep 

131 \topsep 6\p@ \Oplus 2\p0 \@minus l\p@ 

132 \parsep 3\p@ \@plus l\p(§ \@minus l\p@ 
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133 \itemsep \parsep} 

134 \def \®listiii{y. 

135 \leftmargin \lef tmarginiii 

136 \labelwidth \lef tmarginiii 

137 \advance\labelwidth by -\labelsep 

138 \topsep 2\p(§ \(§plus iXpO \(§niinus l\p@ 

139 \parsep \z@ 

140 \partopsep l\p@ \@plus 0\p© \Ominus l\p© 

141 \itemsep \topsep} 

142 \def \@listiv{y. 

143 \setleiigth{\lef tmargin}{\lef tmarginiv}"/, 

144 \setlength{\labelwidth}{\lef tmarginiv}yo 

145 \addtolength{\labelwidth}{-\labelsep» 

146 \def \@listv{% 

147 \setlength{\lef tmargin}{\leftmarginv}yo 

148 \setlength-[\labelwidth}{\leftmarginv}°/o 

149 \addtolength{\labelwidth}{-\labelsep» 

150 \def \©listvi{°/. 

151 \setlength{\lef tniargin}{\leftmarginvi}°/o 

152 \setlength{\labelwidth>{\leftmarginvi>% 

153 \addtolength{\labelwidth}{-\labelsep}} 

154 \let\@listi\©listl 

155 \©listi 

1.5. Float separation parameters 
Separation on text pages. 

156 \setlength\f loatsep{12\p@ \@plus 2\p@ \@minus 2\p@> 

157 \setleiigth\textf loatsep{24\p@ \@plus 2\p© \@iiiinus 4\p(a} 

158 \setleiigth\intextsep{12\p@ \@plus 2\p@ \@minus 2\p(3> 

159 \setlength\dblf loatsep{12\p@ \(§plus 2\p@ XOminus 2\p@} 

160 \setlength\dbltextf loatsep{24\p(§ \@plus 2\p@ \(§minus 4\p(§} 

Separation on float pages 

161 \setlength\@fptop{0\p@ \(§plus If il> 

162 \setlength\0fpsep{10\p@ \Oplus 2f il> 

163 \setleiigth\@fpbot{0\p@ \@plus If il} 

164 \setlength\@dblfptop{0\p@ \@plus If il} 

165 \setlength\@dblfpsep{10\p@ \@plus 2f il} 

166 \setlength\Odblfpbot{0\p@ \@plus If il} 
167 

168 \endinput 
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Abstract. The importance of laser guide stars to the practical usefulness of adaptive optics 
^ ' cannot be understated, and yet there are very few working systems. This contribution discusses 

, the current status of the ALFA laser guide star, with regard to the particular difficulties en- 

countered while observing as well as both the expected performance and that so far achieved 
^— »' ' from scientific observations. A description is given of a number of experiments involving 

ALFA which aim to determine the atmospheric turbulence and sodium layer charateristics, 
and demonstrate the possibility for tilt recovery from laser guide stars. 
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:^ 

o 

u 

^ ■ 1. Introduction 

■ 

. ^ , The resolution and sensitivity that should be achievable with the current gen- 

^ ' eration of 8-m class telescopes which are either on-line or being built, has 

. the potential to revolutionise astrophysics. But in order to reap these benefits 

it is essential to use adaptive optics techniques, and with the requirement for 
maximal sky coverage comes the mandatory use of laser guide stars. 

Over recent years there has been an increasing effort put into the de- 
velopment of high-order AO instrumentation, as well as observational pro- 
grammes: the number of refereed papers based on AO has been increasing 
dramatically (27 in 1997 compared to only 18 in the entire 4 years prior to 
that, Ridgway, 1998), and recently an entire meeting was devoted to scientific 
results using adaptive optics systems (Astronomy with Adaptive Optics, ESO 
1998). However, this also highlighted the fact that nearly all observations to 
date have used natural guide stars almost exclusively as the wavefront refer- 
ence. This has resulted in the majority of results being concerned with stellar 
systems, while relatively few have been on extragalactic sources. The bias can 
be explained by the lack of suitable reference stars, since the most commonly 
observed extragalactic objects lie out of the galactic plane, while most stellar 
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sources lie in the galactic plane where the bright reference stars can be found; 
and with the exception of a few of the brightest AGN, the nuclei of other 
galaxies are too faint for wavefront sensing with current technology. Only 
partial correction, and that under exceptional conditions, can be achieved 
while correcting on even the brightest starburst hotspots (Knapen, 1999). 

Clearly there is a need for further work to develop high quality artifical 
guide stars, but technical difficulties have slowed progress. ALFA (Adaptive 
optics with a Laser For Astronomy), is addressing these issues and has made 
significant progress in this area. It is installed on the 3.5-m telescope at Calar 
Alto, and is now the first laser guide star (LGS) adaptive optics facility to be 
available to guest observers. In this contribution, by discussing the operation 
of and observational results from the ALFA LGS, we attempt to provide the 
reader with an understanding that will enable him/her to answer the question 
"How useful are laser guide stars at the present time?". 

Section 2 introduces ALFA with a brief overview of the developmental 
milestones. The observational practice is then outlined in Section 3, followed 
by a discussion of the limiting features of the LGS. Section 4 briefly mentions 
a number of experiments that are being carried out in conjunction with the 
European Laser Guide Star Network in order to better understand, quan- 
tify, and improve the performance of LGS. This must be done before they 
can be usefully employed on 8-m class telescopes. Lastly in Section 5 we 
present some observational results that indicate the current performance of 
the system. 



2. Overview 

The performance goal of ALFA was to reach 50% Strehl at 2.2;um under 
typical seeing conditions (0.9") with good sky coverage. Due to the techni- 
cal challenge inherent in building both an adaptive optics bench and a laser 
system, these were constructed separately and are described below. 

The AO system is based on a Shack-Hartmann sensor with several inter- 
changeable lenslet arrays, and is described in detail in Hippler et al. (1998), 
Wirth et al. (1998), and Kasper et al. (this issue). It is optimised for partial 
correction using a LGS, with the aim of typically sampling 18 hexagonal 
subapertures at a frame rate of 100 Hz. In this configuration, the centroids of 
the spots in the sensor are used to determine the coefficients for 21 Zemike 
or 24 Karhunen-Loeve modes, and these are then applied to a 97-actuator 
mirror. The tip and tilt components must be measured using a separate tracker 
camera since it is not possible to distinguish the up-Iink motion of the laser 
beam from the down-link tipt-tilt motion. 

The optical bench for the laser is installed in the coude lab, where an 
Ar"*" laser pumps a continuous-wave dye ring laser with a single line output 
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power of 3.8 W. The output beam is fed along the coude path and directed into 
a launch telescope, resulting in a sodium beacon with a magnitude of about 
my =9-10 at zenith. Further details of the lasers, beam relay, diagnostic tools, 
and safety issues are given by Rabien et al. (this issue) and Ott et al. (this 
issue). 

Since Sept 1997, when the loop was locked on the laser for the first time, 
development of the LGS and AO has progressed in tandem and been fairly 
rapid. In December 1997, the LGS was used to enhance image resolution, 
samphng 6 subapertures at a frame rate of 60 Hz, and correcting 7 modes 
(plus tip-tilt). During these observations the binary stars in BD+31°643 were 
clearly resolved. In March 1998, the laser guide star was seen on the wave- 
front sensor using 18 subapertures at a frame rate of 100 Hz. A summary of 
the status and performance at this time can be found in Davies et al. (1998a). 
Since then significant improvements to the hardware have enhanced the per- 
formance considerably. Although poor weather has hampered testing of the 
upgraded system, during an August observing run K-band Strehl ratios higher 
than 60% were measured on bright stars, and even on V- 11 mag stars Strehl 
ratios of 10-15% within a radius of 50" were achieved. Also, for the first 
time we successfully used the laser guide star to improve the image quality of 
another galaxy, UCG 1347 in the Abell262 cluster. Our most recent success, 
in June 1999, is to achieve a Strehl ratio greater than 20% in the K-band. 



3. Operation 
3.1. Observing with a LGS 

The entire operating procedure for running the laser and observing are de- 
scribed in 'The ALFA Laser Guide Star System: A User's Guide' which is 
available on-line from the ALFA pages at 

http : / /www . mpe .mpg . de/www_ir/ALFA/ALFAindex . html. A few 
of the saUent points concerned with observational issues are discussed below. 

There is a set procedure for optimising the LGS at the beginning of every 
night which is currently semi-automated. The rayleigh cone and LGS show up 
clearly on the TV finder and this allows correct positioning, a step which must 
always be executed manually. The aim is to locate the LGS on the wavefront 
sensor (with a field of view of only a few arcsec) for fine tuning and focussing, 
a 3-stage process requiring adjustment of laser frequency, launch telescope 
and WFS. Typically the frequency does not need adjusting and it is sufficient 
to tune it to the zero velocity component observed in a Na-cell in the lab. 
An automated algorithm then takes care of the focussing, and has increased 
the observing efficiency by a alrge margin. The principle of the algorithm 
is similar to that used on many telescopes: measure the PSF at a number of 
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focus positions which straddle the optimal one, fit a curve through the points, 
and read off the best position. The only subtle part is how best to measure the 
PSF: brightest pixel, encircled energy, FWHM, etc. for launch telescope and 
WFS focussing, the ratio of the flux in small and large apertures should be 
a good measure of how concentrated the energy is. A single iteration of the 
algorithm for each focus required appears to be sufficient. Once the LGS is as 
compact and bright as possible the wavefront sensor can be calibrated using 
a reference fibre. However, because the height of the Na layer is not known 
exactly, the focus position at which the reference fibre must be placed is also 
uncertain. Thus another iteration of the algorithm is used to focus the fibre on 
the WFS, by moving the fibre along the optical axis while keeping the WFS 
itself fixed. 

The bright Rayleigh cone which extends to a height of ~25 km is sepa- 
rated from the LGS by about 17" at zenith and is rejected from the wavefront 
sensor simply by using a 10" aperture. Although the separation lessens at 
large zenith angles, this is more than sufficient since even at 60° it is still 
more than 8" so the light pollution in the sensor is low. Recent observations 
have shown that there is still scattered light in the WFS aperture, although at a 
relatively faint level, which may be reflected from inside the dome. A smaller 
field-stop will be used to reduce this as much as possible. 

As the telescope tracks, the distance to the sodium layer changes and so 
periodic tuning, focussing, and calibration must be carried out. At present we 
have not made long enough exposures to need to do this more frequently than 
every time we slew to a new object. Currently we do not expect to need to 
do this more than every 1-2 hours, but once the LGS spot is optimised (see 
Section 3.2.1) more frequent adjustments may become necessary. 

3.2. LGS Properties 

In March 1998 the LGS was seen on the wavefront sensor through 18 subaper- 
tures at a frame rate of 100 Hz, as reported in Davies et al. (1998a). However, 
this is still difficult to achieve since the LGS is rather more extended and 
fainter than a star of similar V-magnitude. Initially, the LGS brightness was 
measured in magnitudes for easy comparison to stars, and this has stuck even 
though it is misleading — due to the broad sensitivity range of the wavefront 
sensor CCD (the quantum efficiency remains above 50% over 0.49-0.84 ^um) 
which allows it to detect emission in the V- and R-bands as well as some 
of the I-band. A more natural unit would be the photon number detection 
rate, which is appropriate for the narrow line width of the LGS and is also 
independent of a star's spectral type. However, this has not been adopted as it 
is extremely inconvenient when searching (magnitude based) catalogues for 
possible guide stars. It should therefore be borne in mind that the number 
of photons detected from a mv=9.5 LGS will be the same as those from a 
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mv=10.9 AO star. Additionally, more photons are detected from redder stars: 
the above example could be extended to include a KO star reddened by 1 mag, 
which need only have mv=l 1 .5. 

The size and brightness are the two observables that must be optimised, 
and they are considered below before we show some simulations of the per- 
formance that we should expect from the LGS. 

3.2.1. Size & Shape 

The angular size of the LGS needs to be minimised so that it is more in- 
tense and the centroid better defined, requiring the projected beam to be 
focussed on the Na layer from a launch telescope. Two conflicting effects 
determine the diameter D required: 1) in the absence of turbulence, simple 
diffraction theory says that the theoretical minimum spot size is smaller when 
a wider exit-beam diameter is used (9min = '^/D); 2) but the presence of 
atmospheric turbulence means that if the exit-beam exceeds 2-3 times the 
coherence length ro, the spot will break up into speckles, increasing the ef- 
fective size to = X/rQ. In order to cope with variable conditions on different 
nights there is a pre-expander on the optical bench which increases the beam 
diameter to 1.5-3.0 cm, controlling the width of the beam exiting the launch 
telescope within the range 24^9 cm, suitable for seeing of 0.8-1.5" (ro = 8- 
15 cm at 589 nm). The single (Gaussian) TEMoo mode quality of the beam 
also helps to concentrate most of the power in a small region. 

Up until mid- 1999, the LGS had a typical FWHM of '-3", the cause of 
which was uncertain. Originally the situation was worse, and considerable 
turbulence arose between the coude lab and the telescope. To combat it the 
entire beam path was enclosed in pipe sections, a scheme that produced a 
noticeable improvement and additionally acted as a safety precaution. To 
measure the distortion, a Shack-Hartmann sensor was installed in the di- 
agnostics bench below the launch telescope (Rabien et al., 1999, also this 
issue). Because it does not operate in a photon-starved environment no special 
equipment is required, and the main components are an old lenslet array from 
ALFA's AO bench and a 30 Hz frame-rate camera. The results indicated an 
rms wavefront error of only O.lX (at the laser wavelength of 589 nm), which 
is much less than that required to explain the LGS size. The lack of a calibra- 
tion fibre meant that this WFS could only measure dynamic aberrations, so a 
Shearing interferometer was used to study the static aberrations. It suggested 
that a few optical elements in the beam path (eg the glass plate sealing the end 
of the pipe from the coude lab) were to some extent culprits of the poor beam 
quahty. It finally became clear, by imaging stars through the launch telescope, 
that this was the source of most aberrations. Since installation it had become 
misaligned, and additionally the primary mirror was being slightly distorted 
by the clamps holding it in place. A new launch telescope is been constructed 
which should remove the problem entirely; but by careful correction of the 
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old one we are able to reduce the spot to 1 .7", even using a launch beam only 
10 cm wide and in seeing of 1.2". 

Rousset (1994) gives the phase measurement error (rad^) associated 
with signal photon noise in a Shack-Hartmann sensor as 



where «ph is the number of photons of wavelength X (nm) detected in one 
subaperture of diameter d (m) in one sampling time, and 6igs (arcsec) is the 
angular diameter of the LGS. Clearly, if we could reduce the spot size to 
only 1" then the photon noise phase error would be reduced by an order of 
magnitude. Only then would elongation of the spot due to off-axis projection 
become an issue, although given the axial separation of 2.9 m between the 
telescopes, the elongation will be in the range 0.23-0.95" (near and far-sides 
of the telescope primary) for an 8 km thick sodium layer at a mean altitude 
of 90km. Thus for a 1" LGS, the aspect ratio would be less than 1:1.4. With 
our current set-up and LGS spot size this is not a problem, but more detailed 
modelling of the LGS elongation in different subapertures both for ALFA and 
for the VLT can be found in Viard et al. (this issue). 

As an interim measure to help with the problem of LGS size, lenslet arrays 
with 2 focal lengths have been installed, giving pixel scales of 0.75" pixel" ^ 
and 1.25" pixel" ^ The phase error due to read noise (Rousset, 1994) is 



where Og is the electron read noise per pixel, A^d is the FWHM of the diffrac- 
tion limit in pixels, and is the number of pixels used in the centroiding. 
Hence increasing the pixel scale gains us a factor of 3 in the read noise phase 
error. 

Additional errors can arise with a LGS larger than the isoplanatic patch Go 
at the wavelength of the science observations, particularly if the size of the 
apertures on the wavefront sensor is well matched to the coherence length tq. 
However, this is not a serious problem for us, since our system is designed to 
operate in the near-infrared where Go is relatively large, typically 7" at K for 
1" seeing. 

3.2.2. Brightness 

The routinely obtainable laser output power is 3.8 W. However, this is reduced 
to typically 2.1-2.3 W by the time it reaches the telescope due to the multiple 
reflections from mirrors which very quickly become dirtied with dust blown 
over from the Sahara. More recently, in mid-1999, we have been achieving 
output powers of 4. 1 W and, with freshly cleaned mirrors, a launch power of 





3.2W 
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The addition of COT to the Rh6G glycol dye solution increases the laser 
power by about 10% by further suppressing the triplet states in the dye molecules 
(see Rabien et al. this issue). However, we have found that this lasts only for 
short time-scales of tens of minutes. A further effect is that the lifetime of the 
molecules is extended, although the reason for this is unclear. 

If the bandwidth of the laser is very narrow compared to the doppler width 
of the sodium in the mesospheric layer so that it effectively excites only a 
single velocity group, the magnitude my of the LGS can be calculated from 
^obs (W m^^), the power observed. 



where Pi (W) is the launch power, Tatm the atmospheric transmission, and 
H (m) the distance of the Na layer from the telescope. Since typically only 
4% of the laser power is absorbed by the Na at zenith (and <10% at large 
zenith angles), that fraction is well approximated by aA'Na. where a = 8.8 x 
10~^^ m^ is the homogenously broadened absorption cross-section of the D2 
transition, and A^Na (m~^) the column density. The factor of 1.2 is due to the 
marginal direction dependence of the scattered intensity, due to the interac- 
tion of Na atoms with the circularly polarised laser light. A further modifier 
should be included if the intensity of the laser in the mesosphere is close to 
the saturation intensity of 6Wm~^MHz~^. As the laser intensity increases 
a larger fraction of the fluorescence power is wasted as stimulated emission 
near the laser axis, approaching half of the total when the laser and saturation 
intensities are equal. For a 10 MHz bandwidth 



where 0igs (arcsec) is the diameter of the LGS. For our launch power of 2.3 W 
this will only be important if the spot size is less than about 1 arcsec. 

Away from zenith each of T, H, and A^Na need to be adjusted appropri- 
ately, resulting in a strong dependence on zenith angle. Figure 1 shows the 
prediction of their effect on the LGS magnitude. 

During March 1998 the magnitude was measured as my = 9.1 for an es- 
timated launch power of 2.3 W and atmospheric transmission of Tatm = 70% 
each way, from which the Na column density was derived as A/^Na = 6.2 x 
10^^ m^^. Typical values measured by from absorption in the solar spectrum 
on Kitt Peak and in the stellar spectra of a Leo and a Aql) on Mt Hopkins at a 




This in turn is derived from the estimate 



^obs — 



1.2Pir,^^aA^Na 

4 7I//2 



^obs 




8 




ALFA laser guide star V-magnitude 

Figure 1. Predicted LGS brightness (given as equivalent V-band magnitude) as a function 
of zenith angle for various Na column densities. Typical values for the laser power, system 
transmission, and atmospheric transmission have been used. These can all drastically affect 
the magnitude of the LGS, and as an example, we show how it changes if the atmospheric 
transmission increases or decreases by 10%. 

latitude of 32° N (very similar to the 37° N of Calar Alto) are 2-6 x 10^^ m'^ 
(Ge et al., 1997; Ge et al., 1998). However, comparisons are fraught with dif- 
ficulties due to the seasonal, diurnal and even hourly variations in Na column 
density (eg. see Ageorges et al, 1999, and references therein). 

3.2.3. PSF simulations 

We have modelled the point-spread functions (PSFs) that might be expected 
when ALFA is operating under typical conditions (eg K-band, 1.0" seeing) 
and summarise the parameters in Table I. The atmospheric turbulence pa- 
rameters give r{) = 45 cm and a Greenwood frequency (Greenwood, 1977) 
of /g = 7 Hz, both at Ll/nm. For the model we have assumed the seeing 
profile is Gaussian and the diffraction limited profile is an Airy function 
that has been modified to take into account the 1.37 m central obscuration 
in the 3.50 m mirror The partially corrected PSFs assume the usual model 
of a diffraction hmited core, and a halo with FWHM similar to the seeing. 
When using the 5 x 5 lenslet array only 21 modes are corrected, and combined 
with a sampling rate of 100 Hz (disturbance rejection bandwidth ~8 Hz), the 
residual phase error is about 1 rad^. We have included an extra 0.4 rad^ error 
to simulate the noise associated with correcting on a mv=9.5 mag LGS. Thus 
the Strehl ratio for an on-axis natural guide star (NGS) is about 25%. For 



Table I. Parameters for simulated K-band PSF in 1" seeing 
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Distance to residual FWHM Strehl 
tip-tilt star image motion ratio 
[arcsec] [arcsec] [%] 



FWHM energy in 50% encircled 
resolution 0.20" radius energy radius 
[arcsec] [%] [arcsec] 






0.00 


25.0 


0.14 


23 


0.41 


30 


0.06 


21.3 


0.15 


24 


0.41 


60 


0.10 


17.2 


0.17 


25 


0.41 


90 


0.21 


9.2 


0.30 


24 


0.41 


120 


0.46 


4.1 


0.66 


16 


0.43 


no tip-tilt 1 
correction J 


1 0.72 


2.9 


0.90 


16 


0.47 


seeing- | 
limited J 


[ 


2.4 


1.00 


10 


0.50 


diffraction- | 
limited J 


[ 


100.0 


0.13" 


66 


0.09 



" The commonly used half-width zero intensity is 0.144", slightly better than the 0.166" for a 
3.5 m mirror with no central obscuration. 



the LGS we have assumed that the tip-tilt is corrected using an off-axis star, 
introducing some residual image motion (given in the table as FWHM); but 
that the star is bright enough that no wavefront aberrations are introduced by 
detector noise or bandwidth limitations. The table clearly shows that much 
beyond 60" the performance of the AO is severely degraded. At 140" the tip- 
tilt of the star is completely uncorrelated with that on-axis, because the jitter 
is the same as that for uncorrected one-axis tilt (Fried, 1965) 




where D (m) is the telescope diameter, X (m) the observing wavelength, and 
(rad2) gives a FWHM jitter of 0.72". 

The profiles for a tip-tilt star on-axis and 60" off-axis are shown in Fig- 
ure 2. The dotted lines are the seeing and diffraction Umited profiles; the soUd 
lines show the simulated PSFs. When the star is 60" off-axis the residual 
image motion is 0.1" and reduces the strehl ratio to 17%. Whether it matters 
to the observer depends on the quantities required: the 50% encircled energy 
radius of 0.41" is the same in both cases; the fraction of energy within a 
0.2" radius actually increases marginally with an off-axis tip-tilt star (because 
some energy from the first Airy ring is shifted into the aperture). Hence, 
if getting as much energy as possible into a slit or simply trying to detect 




Figure 2. Simulated point-spread function profiles which could in principle be achieved with 
ALFA, normalised to a maximum intensity of 1 for the diffraction limit. Details of the profiles 
are shown in the main figures, and the full profiles are inset. The dotted lines are the Gaussian 
seeing profile, and modifed Airy profile; the solid lines are the simulated PSFs. Top is that for 
a natural guide star with a strehl of 25%. Below is that for a laser guide star and a star 60" 
off-axis for tip-tilt correction. The residual jitter (0.10" FWHM) reduces the strehl to 17%, 
but makes little difference to the 50% encircled energy radius. 



faint objects is the aim, then the residual tilt is not a problem. The FWHM 
resolutions are 0.14" and 0.17", both good but the difference could be impor- 
tant if trying to separate close objects. On the other hand, the stronger Airy 
ring in the former case might offset any gain from a narrower core. Further 
analysis of the PSFs obtained with NGS and LGS will be possible with more 
observations. 
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4. LGS Experiments 

During August 1998 a number of experiments were performed at the Calar 
Alto observatory in collaboration with the TMR Laser Guide Star Network^, 
during which SCIDAR was carried out on the 1.2 m to measure atmospheric 
turbulence, a MAMA detector on the 2.2 m measured photon return from the 
LGS and Rayleigh cone, and ALFA was operated on the 3.5 m. Full results 
from these will be published elsewhere. The experiments attempted to tackle 
a range of issues, and the rationale for them is outlined briefly below. More 
detailed discussion of the methods used and results obtained can be found in 
several papers also in this issue (O' Sullivan et al., Viard et al., and Esposito 
et al.). 

4.1. Tip-Tilt from a Laser Beacon 

The tip and tilt modes of a wavefront distortion are responsible for the bulk 
of the image degradation. Each of these terms contributes a phase error of 
0.448 (D/ro)^/^ rad^ to the total 1.030(£)/ro)^/^ rad^ (Noll, 1976), and unless 
these can be corrected effectively then any image improvement from higher 
order terms will be negligeable. Although this means that image resolution 
can often be enhanced significantly simply by use of a fast guider, it also 
has implications for laser guide stars because the up-link and down-link tip- 
tilt components cannot be separated. Thus a laser beacon cannot easily be 
used to measure tip-tilt modes, with the result that sky coverage is limited by 
the availability of stars for fast guiding. There are two alternative proposals 
to circumvent this difficulty. One involves the polychromatic LGS concept 
(Foy et al., 1995) in which the 4P3/2 level of Na is excited, and the en- 
suing radiative decay results in a line spectrum from 0.33 nm to 2.207 /jm. 
The wavelength dependence of the refractive index of air allows the tip-tilt 
component to be determined. Another method is to use auxihary telescopes 
(Ragazzoni et al., 1995) from which the up-link and down-link motions of 
the laser and beacon are uncorrelated. The uncorrelated tip-tilt motions of the 
beacon and a natural guide star are due to the up-link tip-tilt of the laser alone. 
The advantage is that there is a much greater chance of finding a natural star in 
the same isoplanatic patch as the laser, since it now appears highly elongated. 

In collaboration with the TMR LGS network we attempted the first mea- 
surement of tip-tilt from a laser guide star, using the 2.2-m to view the LGS 
off-axis. Initial analysis of a small part of the data indicate that sufficiently 
separated sections of the extended laser plume show uncorrelated motions, 
but the same differential motion with respect to nearby natural stars, which 
is the up-link motion of the laser By removing the jitter measured below the 

' the Network for Laser Guide Stars on 8-m class Telescopes operates under the auspices 
of the Training and Mobility of Researchers programme of the European Union 



12 



laser launch telescope, it is possible to reconstruct the motion due to atmo- 
spheric tip-tilt alone. A second experiment to compare the tip-tilt measured 
in this way to that observed by ALFA from an on-axis natural star proved to 
be more complex and further observations will be needed. 

4.2. Site Characteristics 

It is very important to have some knowledge of the atmospheric character- 
istics of the site if successful and optimal adaptive optics correction is to 
be achieved. To this end, a number of experiments have been monitoring 
the profile of the Na layer, atmospheric turbulence, and the performance of 
ALFA. 

4.2.1. Sodium layer profile 

Viewed from the 2.2 m telescope, the LGS plume appears to be about 100 arcsec 
long, and hence can be used to look at the vertical profile of the sodium 
layer with a resolution better than 250 m. Previous observations during the 
autumn of 1997 have shown that over the time-scale of 1 hour the profile of 
the Na layer can change significantly. It is crucial to know the time-scale on 
which these structures appear and disappear, and the scale of the differences. 
Narrow sporadic layers have been observed, and whether they are actually 
high-altitude noctilucent clouds or real changes in Na abundance can be es- 
tablished by tuning the laser on and off the Na line. The main consequences 
of such variability are the effect on the brightness and centroid height of the 
LGS. Simulations suggest that for a well-focussed spot it will be necessary 
to refocus the wavefront sensor, and perhaps also the launch telescope, if 
the effective altitude changes by more than 1 km. The height and distribution 
of the Na at various times during the night have therefore been monitored 
(O'SuUivanetal., 1999). 

Future possibilities for more permanent measurement of the sodium, in 
order to gain detailed statistics of the site, include using ALFA as a LIDAR 
station. The laser will be amplitude-modulated to give micro-second pulses, 
allowing the time of flight of the photons to be measured, and hence a vertical 
density profile of the sodium layer to be calcuated. The backscattered light 
will collected by the telescope will be fed into an APD. A psedo-random 
sequence of on/off pulses in a non-return to zero format will allow a high 
signal-to-noise to be reached in a short time. The system has the great advan- 
tage that the Na profile can be measured in a few seconds, at almost any time 
and with Uttle extra effort required. 

A different monitoring experiment has begun to determine the effects 
and seriousness of light pollution from the laser due to Rayleigh and Mie 
backscattering (Delplancke et al, 1999). This is an extremely important is- 
sue for crowded observatory sites, and preliminary work at Calar Alto sug- 
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gests that multiple backscattering may exceed the ambient background out to 
distances of ~1° from the laser beam. 

4.2.2. Atmospheric turbulence profile 

The effectiveness of any given AO configuration (sampling frequency, num- 
ber of modes corrected, etc.) depends on the prevailing atmospheric condi- 
tions at the time. For the example in Section 3.2.3, the 25% Strehl we expect 
with \" seeing would vary between 19-33% with seeing in the range 0.8- 
1.2". A more practical approach is to measure the average turbulence and 
velocity profiles at a particular site and time of year to gain an understand- 
ing of the isoplanicity and time-scale for temporal variation. The SCIDAR 
(scintillation Detection and Ranging) technique involves autocorrelating the 
scintillation patterns due to a binary star in the telescope pupil plane in or- 
der to recover the spatial correlation and hence refractive index structure 
constant C,^(h) as a function of height. The method also allows the wind 
speed and direction of the dominant layers to be established by correlation 
of frames with different temporal separations. Data from one night in 1997 
suggest ro = 1 8 cm (at X. = 500 nm), an unexpectedly favourable result given 
the median seeing; more measurements are needed to determine the typical 
characteristics. Further results were obtained during August 1998, and will be 
analysed in conjunction with simultaneous closed loop gradients from ALFA 
and the resulting PSF images. We can then, for example, check the calibra- 
tion of SCIDAR and ALFA by comparing the value of ro derived from each 
of the above instruments through roughly the same column of atmosphere; 
from SCIDAR by knowledge of the turbulence layers and from ALFA via 
the modal power spectral density. Similarly the wind velocities and temporal 
power spectral density can be compared via the Greenwood frequency. 



5. Observational Results 

For an AO system to work effectively with a LGS as the wavefront reference, 
it must first be tested using natural guide stars. During August 1998 this was 
done extensively. On bright stars (V<8) it is now possible, even in relatively 
poor seeing conditions, to obtain diffraction limited images routinely with 
Strehl ratios at least 40%. On stars as faint as V=ll mag it is still possible 
to achieve Strehl ratios of 10-15%, with a resolutions of around 0.25". Cur- 
rently the faintest object on which we have locked is NGC 1068 which has an 
unresolved core fainter than mv~13 mag. 

These results indicate that the AO is at a stage where routine correction 
using a LGS should be possible, and so the system is now open to guest ob- 
servers at Calar Alto on a shared-risk basis. However, the problems discussed 
previously mean that LGS observations are still far from routine. In the rest of 
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this Section we discuss 2 sets of observations. The first is of the field around 
a Herbig Ae/Be star which show that ALFA is effective on relatively faint 
stars, and that in the partial correction mode the isoplanatic patch is large. 
The second is of 2 galaxy clusters, and include the first image improvement 
on another galaxy using the laser guide star. Details of other scientific results, 
including the first diffraction limited integral field spectroscopy, can be found 
in Davies et al. (1998b) and Davies et al. (1999). 

5.1. The Field around the Herbig Ae/Be star BD +40° 4124 

During August 1998 the Herbig Ae/Be star BD +40° 4124 was observed with 
ALFA, using the 3D integral field spectrometer as well as Omega-cass; here 
we discuss issues relevant to the AO performance. For the wide field K-band 
image with Omega-cass, BD +40° 4124 (V=10.6, K=5.6) was centered in the 
wavefront sensor, allowing correction of 1 8 modes with a frame rate of 75 Hz. 
Although this star was saturated the Strehl ratios and FWHMs of 14 others in 
the 80" X 80" field were measured, and these are plotted against their radial 
distance in Figure 3. The pixel size of 0.08" means that the Strehls could 
be underestimated by as much as 4%, and the scatter may be partly due to 
this. The FWHMs were estimated using only vertical and horizontal cuts (the 
'errorbars' are Unes joining these points) since models suggest that the pixel 
size is already limiting the resolution. The figure indicates that out to radii of 
at least 30" there is very little degradation in performance since the wavefront 
error due to anisoplanaticism is small compared to the total error; and beyond 
this as far as can be measured, the correction is only marginally worse. 

Figure 4 shows that the correction achieved here is useful: a star 20" away 
clearly has a single peak (as do all the single stars in the field), while another 
has a double peak, identifying it unambiguously as a previously unknown 
binary system with a separation of 0.32". Importantly, examination of the 
profiles of all the sources indicates that the speckle pattern in the halo ap- 
pears to be stable over the whole field. This means that deconvolution should 
work well (yielding an effective resolution rather better than 0.2") and that 
the choice of PSF, at least in this case, is not critical. A further result from 
this image was that a star in the pair V1318 Cyg (40" East of BD +40° 4124) 
was resolved to be 0.4" x 0.3". Since JHK colours also indicate that this pair 
are both very red, we interpret it as a dust shell around the star, with a decon- 
volved size of 300 X 170 AU (assuming a distance to the stellar aggregate of 
1 kpc, Hillenbrand et al, 1995). 

5.2. Galaxies in the Abell 1367 and 262 Clusters 

Between December 1997 and August 1998 we observed 25 galaxies in the 
Abell 1367 and Abell 262 clusters, including two barred spiral galaxies UGC 1347 
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Figure 3. Strehl ratio and FWHM of 14 stars in the field around BD +40° 4124, plotted against 
distance from this star. The advantage of working in the partial correction regime is clear, since 
the effects of anisoplanaticism are much reduced: only beyond 30" is the a small reduction in 
performance. 




Figure 4. K-band surface plots of star 14 (left) and the binary system (right), both approx- 
imately 20" from BD +40° 4124. The pixels are 0.08" wide and the resolution is sufficient 

to separate stars 0.32" apart, as shown by the previously unknown binary system here. The 
profiles of all the stars show that the PSF changes very little even out to distances of 50". 
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UGC 1344 




Figure 5. Profiles of the star (left) and nucleus of UGC 1344 (right) in both open loop (lower) 
and closed loop (upper); a deconvolved closed loop profile is also shown (far right). FWHM 
are given in pixels, with a scale of 0.08". The peak intensity of the star increases by a factor of 
3, while the galaxy nucleus increases by a factor of only 1.4 suggesting that there is a narrow 
core component and a wdier bulge component. 



and UGC 1344 (full results and analysis will be given in Eckart et al. 1999, 
in preparation). 

For UGC 1344 we used a nearby (27" separation) natural guide star with 
V=11.0mag, correcting 7 modes at a sampling rate of 150 Hz, achieving a 
disturbance rejection bandwidth of about 13 Hz. Cuts of the profiles through 
the star and galaxy, for both open and closed loop as well as deconvolved 
are shown in Figure 5. The peak intensity of the star increased by a factor 
of 3, and the FWHM improved from 1.0" to 0.4". For the galaxy, the peak 
increased by only 1.4, although the discussion for BD +40° 4124 indicates 
that the galaxy is well within the isoplanatic patch. The deconvolved image 
begins to indicate the reason: there is a narrow unresolved core and a wider 
bulge component so the increase in peak intensity will be that due to the core 
only. The observations can be explained if the flux in the bulge is 3 times that 
in the core. The presence of a core suggests a recent localised burst of star 
formation in the galaxy's nucleus. 
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Figure 6. Profiles of the star (left), and the compact Hii region and nucleus of UGC 1347 
(right) in both open loop (lower) and closed loop (upper). FWHM are given in pixels, with a 
scale of 0.08". The peak intensity of the star increases by a factor of 2.5, as does the unresolved 
H II region, while there is almost no enhancement in the nucleus showing it is completely 
resolved. The laser was used to correct the high orders in these images, while tip-tilt was 
determined from the star. Tip-tilt alone produced little improvementin image quality. 



For UGC 1347 we corrected tip-tilt using a V=11.8mag star 41" away, 
and pointed the laser guide star midway between this and the galaxy. High 
order corrections were achieved using the LGS, also with 6 subapertures but 
at a lower frame rate of 50 Hz (rejection bandwidth of only 4 Hz). Figure 6 
shows for the star an increase in peak intensity of 2.5, and improvement in 
resolution from 1.1" to 0.4". Exactly similar enhancements are seen in the 
compact H ll region of the galaxy 11" from the nucleus, but almost no change 
is seen in the nucleus itself. All the evidence for recent star formation in this 
galaxy can be accounted for by the H II region alone. 

Both these galaxies have projected positions close to the centre of the 
Abell 262 cluster, and both have large velocities with respect to the cluster 
average. However, only UGC 1344 is Hi deficient (Giovanelli and Haynes, 
1985). Hi deficiency strongly correlates with distance from the cluster centre, 
the central region being the zone of depletion. The interpretation is that gas is 
stripped away as the galaxy crosses the crowded central region, giving rise to 
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Figure 7. Images of and cross-sections through the star SAO 68075 during: open-loop ob- 
serving with seeing of 0.65" (far left), tip-tilt correction on the star (centre left), high-order 
correction on the LGS (centre right), and the best 10 seconds of high-order correction (far 
right). 



the hot intracluster gas observed in X-rays. Our results for the whole sample 
suggest also that star formation is induced as a galaxy crosses the centre 
of the cluster. In this interpretation, the Hi deficient galaxy UGC 1344 has 
just passed the centre so that it has lost its gas and undergone a burst of star 
formation; UGC 1347 is approaching the centre and has not yet been depleted 
of its Hi nor had nuclear star formation triggered. 

5.3. Achieving High Strehls with a LGS 

These results show that the potential for laser guide stars is there, but the gains 
achieved so far have been marginal. Following optimisation of the launched 
laser beam and also of the wavefront sensing hard- and software, we have 
reached a Strehl ratio of 23% in the K-band using the LGS to correct high- 
orders. 

For these results, shown in Figure 7, the laser was pointed on-axis and 
imaged on the WFS through the 5x5 lenslet array at a frame rate of 75 Hz. 
This allowed 18 high order Karhunen-Loeve modes to be corrected with a 
bandwidth of around 12 Hz. A natural star (SAO 68075), 10" off-axis to avoid 
any of its light reaching the WFS, was used to correct tip-tilt motion at 65 Hz. 
A series of 40 consecutive images were taken of the star in the K-band. Each 
integration was 5 sec, and the only processing performed was sky-subtraction 
and bad pixel removal. In particular, no shift-and-add or deconvolution tech- 
niques were applied. Frames were added together directly to produce long 
exposure images. 

During the observations the K-band seeing was 0.65", a remarkably good 
value. A 50 sec image with the tip-tilt corrected on the star shows the reso- 
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lution with this alone was improved to 0.49". Adding together all 40 images 
taken while high-orders were corrected with the LGS gave an effective expo- 
sure time of 200 sec, during which the FWEHM was reduced to 0.19", and 
a Strehl ratio of 12.8% was reached. During the best 10 sec a Strehl of 23% 
was achieved and the image is diffraction limited. Probably the performance 
is variable because of the jitter of the LGS on the WFS, which due to techincal 
problems has not yet been corrected. This is entirely atmospheric, due to the 
different up and down tilt components, and means that the centre of the LGS 
spots must often be determined while close to the boundary of the centroiding 
box. Additionally, there may be non-linear effects in the modal reconstruction 
due to the large offsets from the zero-point calibration positions. Neverthe- 
less, the superb performance achieved here shows the exciting future potential 
of adaptive optics with laser guide stars. 
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